General methods
All reagents and solvents were purchased from Sigma-Aldrich and Acros Organics and were used without further purification. Sodium hydrosulfide hydrate (NaSH.xH 2 O) was purchased from Sigma-Aldrich and contains more than 60% of NaHS. α-D-Ribofuranosyl-2,2¢-anhydrocytidine 3 was synthesized according to the literature method. S1 Alkaline phosphatase was purchased from Roche Diagnostics GmbH. All the photochemical reactions were carried out in Norell Suprasil 
All reagents and solvents were purchased from Sigma-Aldrich and Acros Organics and were used without further purification. Sodium hydrosulfide hydrate (NaSH.xH 2 O) was purchased from Sigma-Aldrich and contains more than 60% of NaHS. α-D-Ribofuranosyl-2,2¢-anhydrocytidine 3 was synthesized according to the literature method. S1 Alkaline phosphatase was purchased from Roche Diagnostics GmbH. All the photochemical reactions were carried out in Norell Suprasil quartz NMR tubes purchased from Sigma-Aldrich or in quartz test tubes purchased from Cambridge Glassblowing Ltd, using Hg lamps with principal emission at 254 nm in a Rayonet photochemical chamber reactor RPR-200, acquired from The Southern New England Ultraviolet Company. A Mettler Toledo SevenEasy pH Meter S20 was used to monitor the pH and deoxygenation of solution was achieved by sparging anhydrous argon though the solution for 15-20 min. A Varian ProStar HPLC System was used for the reverse phase high-pressure liquid chromatography (RP-HPLC) linked with an Atlantis T3 C18 Prep Column OBD 10 µm (19×250 mm). 1 H and 13 C NMR spectra were acquired using a Bruker Ultrashield 400 Plus operating at 400.1 MHz and 100.6 MHz respectively. Samples consisting of H2O/D2O mixtures were analysed using HOD suppression to collect 1 H NMR data. Chemical shifts (δ) are shown in ppm. The yields of conversion were determined by relative integrations of the signals in the 1 H-NMR spectrum. Coupling constants (J) are given in Hertz and the notations s, d, m represent the multiplicities singlet, doublet, and multiplet signal. Deuterium oxide was purchased from Sigma-Aldrich. Mass spectra were recorded with an Agilent Technologies 6130 Quadrupole LC-MS using positive and negative Electron Spray Ionisation. UV absorption spectra were recorded in Hellma Analytics Suprasil quartz micro-cell cuvettes 115-QS (10 mm path length and 2 mm width) using an Agilent Cary 6000i UV-Vis-NIR Spectrometer.
Synthesis of α-D-2-thiocytidine 13
α-D-Ribofuranosyl-2,2¢-anhydrocytidine 3 1 (125 mg, 0.478 mmol), sodium hydrosulfide hydrate (NaSH.xH 2 O) (178mg, 1.912 mmol) and ammonium bicarbonate (NH 4 HCO 3 ) (150 mg, 1.912 mmol) were dissolved in 1 mL of DMF and the mixture was stirred at rt overnight. 2 The solvent was removed under vacuum, and the residue was separated by RP-HPLC, using a water to acetonitrile gradient to give, after lyophilisation, 74 mg of α-D-2-thiocytidine 13 (60% yield). 1 
β-D-2¢,3¢,5¢-O-triacetyl-2-thiocytidine
2-Thiocytosine 15 (254.3 mg, 2.0 mmol) was suspended in acetonitrile (10 mL) in a flame-dried flask under nitrogen atmosphere. Bis(trimethylsilyl)acetamide (BSA) (1.5 mL, 6.0 mmol) was added, and the mixture was refluxed for 5 hours. The solvent was removed by evaporation under vacuum, and the oily residue was dissolved in 1,2-dichloroethane (DCE, 10 mL) and transferred into a flame-dried flask containing 1,2,3,5-tetra-O-acetyl-β-D-ribofuranose (636.5 mg, 2.0 mmol) under nitrogen. The mixture was cooled to 0 o C in an ice bath, and then tin chloride (SnCl 4 ) (0.23 mL, 2.0 mmol) was added dropwise in a period of 20 min. The mixture was stirred at rt overnight. The mixture was monitored by TLC, and since there was still a lot of unreacted sugar, it was refluxed for 2 hours at 84 o C in an oil bath. After the TLC showed the completion of the reaction, the mixture was quenched with a saturated sodium bicarbonate solution (NaHCO 3 ) (20 mL) and stirred vigorously for 2 hours at rt. After filtering with celite and extractions with dichloromethane (4 × 20 mL), the organics were washed with brine (20 mL), dried over MgSO 4 , and evaporated under vacuum. The crude product was separated with flash column chromatography using solvent mixtures of DCM:MeOH with gradual increase of polarity from 100:1 to 100:10 to give, after evaporation, 534 mg of the pure product in 70% yield. 1 2 The solvent was removed under vacuum, and the residue was subjected to RP-HPLC using a water to acetonitrile gradient to give 165 mg of the product after lyophilisation (63% yield). 1 β-D-2¢,3¢,5¢-O-triacetyl-2-thiouridine 2-Thiouracil 18 (1 g, 7.8 mmol) was suspended in 40 mL of hexamethyldisilazane (HMDS), followed by the addition of trimethylsilychloride (TMSCl, 0.9 mL, 7.1 mmol) and (NH 4 ) 2 SO 4 (2 mg, catalytic amount). 3 The mixture obtained was refluxed overnight. HMDS was removed under vacuum, and the residue was mixed with 1,2,3,5-tetra-O-acetyl-β-D-ribofuranose (1.86 g, 5.9 mmol) in 20 mL of anhydrous dichloroethane. SnCl 4 (1 mL, 8.54 mmol) was added to the mixture dropwise at 0°C; the solution was then allowed to warm up to rt and stirred for another 3 hrs. Saturated NaHCO 3 in water was added to quench the reaction and the mixture was extracted with DCM (50 mL × 3). The combined organic solution was dried over MgSO 4 , concentrated, and applied to a flash silica column (2% MeOH in DCM) to give 1.6 g of product (71% yield). 
Thiolysis of α-D-ribofuranosyl-2,2¢-anhydrocytidine 3
Thiolysis reaction of ribo-anhydronucleoside 3 in formamide α-D-Ribofuranosyl-2,2¢-anhydrouridine 3 S (10 mg, 0.038 mmol) and sodium hydrosulfide hydrate (14mg, 0.153mmol) were mixed in 1 mL of formamide, and the mixture was heated at 50°C for 7 hrs. The solvent was removed under vacuum, and the residue was dissolved in D 2 O to scan the 1 H NMR spectrum.
Supplementary Figure 30.
1 H NMR spectrum of the final mixture of the thiolysis reaction of 3. 
Supplementary

Hydrolysis reaction of β-D-2-thiocytidine in phosphate buffer
β-D-2-Thiocytidine 14 (4 mg, 0.015 mmol) was dissolved in 0.5 mL of aqueous 100 mM phosphate buffer (containing 10% D 2 O). The pH of the mixture was adjusted to 7, then transferred to NMR tube, and heated at 60°C in a stirred oil bath. The reaction was followed by 1 H NMR spectroscopy until 1:1 ratio of 14:5, resulting β-D-cytidine 5 in 41% yield after 84 days. β-D-2-Thiouridine 17 (2%) and β-D-uridine 19 (3%) were also present in the mixture. When the same reaction was performed at pH 5, the final mixture contained 33% of β-D-cytidine 5 and 8% of β-D-2-thiouridine 17, along with unreacted β-D-2-thiocytidine 14 (44%).
Supplementary Figure 41.
1 H NMR full spectrum of the final mixture of the hydrolysis of 14 at pH 7. 
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Dephosphorylation of nucleotide mono-phosphates
The nucleotides were dissolved in 1 mL of water before NaCl (6 mg) and MgCl 2 (2 mg) were added, and the solution was adjusted to pH 8.0 with 0.05 M NaOH. 1 Alkaline phosphatase (20 units/µL, 7 µL) was added, and the solution was incubated at 37°C for 14 hours 
Deuteration of D-2-thiocytidine nucleosides 13, 14
UV irradiation of α-D-2-thiocytidine in D 2 O
The α-anomer 13 was irradiated in the presence of sodium hydrosulfide in order to maintain reducing conditions and prevent the side reaction leading to the anhydro compound 3. For this purpose, α-D-2-thiocytidine 13 (2 mg, 0.01 mmol) was mixed with 8 eq. of anhydrous sodium hydrosulfide (3.5 mg, 0.06 mmol) in 0.5 mL of degassed D 2 O. The pH of the mixture was adjusted to 7 using deuterium chloride. The obtained solution was transferred to a quartz NMR tube and irradiated at 254 nm. An additional amount of 5 eq. of sodium hydrosulfide (2 mg, 0.04 mmol) was added to the mixture after 30 hours. The reaction was monitored using 1 H NMR, with measurements taken at 0, 12, 24, 30, and 36 hours. The ratio of the two anomers β:α after 36 hours of irradiation was found to be 85:15. 
Supplementary
Synthesis of D-[1¢-
2 H]-2-thiocytidine anomers α-D-2-thiocytidine 13 (20 mg, 0.8 mmol) was mixed with 8 eq. of anhydrous sodium hydrosulfide (35 mg, 0.62 mmol) in 5 mL of degassed D 2 O, and the pH was adjusted to 7. The solution was transferred to a quartz test tube and irradiated at 254 nm. An additional portion of 2.3 eq. of anhydrous sodium hydrosulfide (10 mg, 0.18 mmol) in degassed D 2 O (0.5 mL) was added to the mixture after 12 hrs. The solution was irradiated for another 24 hours until reaching a 1:1 ratio of the two anomers β:α. The solution was then subjected to RP-HPLC to give the deuterated product as a mixture of the two anomers. 
Absorption spectra of D-2-thionucleosides 13, 14, 16 and 17
Analytically pure 13, 14, 16, and 17 (3 mg, 0.011 mmol) were used for the preparation of 10 mM solutions in water, which were then consecutively diluted twice by 10 fold and once by 5 fold to a final concentration of 20 µM. A volume of 500 µl of each sample was then used for the UV-Vis absorption measurements, which were then taken between 200-400 nm.
Supplementary Figure 54.
Absorption spectra of 13, 14, 16 and 17 in water.
Theoretical section
Ground-State Geometries.
We optimized the ground-state geometries and calculated the corresponding harmonic vibrational frequencies of the C2′-endo and C3′-endo conformers of α-D-2-thiocytidine 13 (α-thioC) and α-D-2-thiouridine 17 (α-thioU). In order to examine the relative stability of these conformers we performed DFT calculations involving the M06-2x functional and the def2-TZVP basis set. Gibbs free energy calculations, assuming the harmonic oscillator and rigid rotor models, show that the C3′-endo conformer of α-thioC and α-thioU is more stable in the gas phase by 16.5 and 11.1 kJ/mol, respectively. According to our estimates in aqueous environment, represented by the C-PCM model, the C3′-endo conformer of α-thioC is also more stable by 7.2 kJ/mol, whereas the opposite was found for α-thioU, for which the C3′-endo form is less stable by 5.2 kJ/mol than the C2′-endo conformer. The C2′-endo and C3′-endo conformers do not differ significantly in the arrangement of the nucleobase and do not contain any interactions that could influence the corresponding photochemistry. Therefore, we conclude that these conformers should exhibit rather similar photodynamics. In this work we focused on the explorations of potential energy surfaces of the C3′-endo conformers of α-thioC and α-thioU, assuming cc-pVTZ basis set, and additionally checked the general findings against the analogous calculations for the C2′-endo conformers using a slightly smaller (cc-pVDZ) basis set.
Vertical Excitation Energies.
The vertical excitation energies of the C3′-endo conformers of α-thioC and α-thioU conformers are shown in Tables S1 and S2, respectively. These results indicate that in both cases, the lowest lying singlet states are of n S π* character (the n S orbital is located around the C=S bond of the nucleobases and corresponds to the nonbonding orbital of the sulphur atom). In both nucleosides the S 2 state is an optically bright ππ* state. Slightly lower excitation energy of the S 2 state of α-thioC suggests that the onset of UV absorption in this nucleoside should be found at slightly larger wavelengths than in α-thioU. Other ππ* excitations that could contribute to the overall UV absorption of these nucleosides can be found at higher excitation energies. Similar ordering of the two lowest-lying triplet states is retained in the triplet manifold of α-thioC [T 1 (n S π*) and T 2 (ππ*)] whereas the opposite was found for α-thioU [T 1 (ππ*) and T 2 (n S π*)]. These findings provide the first indication that, if the photochemistry of these nucleosides occurs predominantly on the triplet hypersurface, α-thioC and α-thioU may be characterized by substantially different photoreactivity. Previously, we proposed that the photoanomerisation of 2′-deoxycytidine (β-dC) might occur predominantly on the hypersurface of the lowest-lying excited singlet state, which is of 1 nπ* character.
Supplementary
3 Therefore, we hypothesized the possible involvement of singlet states and 1 nπ*/S 0 conical intersection in the photoanomerisation of α-thioC, enabled by excited-state H-C1' hydrogen atom abstraction by the carbonyl oxygen atom of cytosine. Interestingly, we found a strikingly similar mechanism in α-thioC. The main difference is related to the S-H bond length at which the 1 nπ* and S 0 states cross. This distance amounts to ~1.55 Å in α-thioC and is much longer that in the case of the corresponding O-H distance in β-dC (~0.95 Å; conical intersection optimized using the CASSCF method). Furthermore, the S 1 minimum and 1 nπ*/S 0 conical intersection of β-dC are separated by an energy barrier of 0.59 eV (energy obtained at the CASPT2/SA-CASSCF level) 3 while our calculations for α-thioC (performed using the ADC(2) method) suggest that there is no such barrier in this nucleoside. Instead, we find a sloped 1 nπ*/S 0 conical intersection which lies 0.37 eV above the S 1 minimum of α-thioC (see Fig. S55 ).
In the light of the above findings, it seems plausible that singlet states could participate in the photoanomerisation of α-thioC. However, the lowest-lying singlet state of α-thioU (C3′-endo) is also of nπ* character, and as shown in the right panel of Fig. S55 , the reaction path along the S-H distance of α-thioU also leads to a 1 nπ*/S 0 conical intersection. Since our irradiation experiments indicated that α-thioU does not undergo photoanomerisation, and no peaks corresponding to β-thioU were found in the NMR spectrum of the photoproducts, we started to search for another variant of the photoanomerisation mechanism that could operate in α-thioC and would be inaccessible in α-thioU. First of all, we considered the C2′-endo conformer of α-thioU, which might be slightly more stable in the ground-electronic state in aqueous environment than the corresponding C3′-endo conformer (according to our M06-2x calculations). Interestingly, the minimum-energy geometry of the S 1 state of the C2′-endo conformer exhibits a sizable distance of 3.23 Å between the C1′-H and S atoms due to twisted arrangement of the photoexcited nucleobase with respect to the sugar moiety. Even though such an S-H distance might be sufficient to prevent the excited-state hydrogen atom abstraction process in the C2′-endo conformer, it is difficult to predict the ground-state populations of the C2′-endo and C3′-endo conformers with sufficient precision. Since even a small error in our ΔG estimates, coming from the employed DFT methodology, might have significant impact on the predicted populations.
Previous theoretical and experimental works on 6-thioguanine, 2-thiouracil, 2-thiothymine and its nucleosides provide evidence that thionucleosides may undergo ultrafast intersystem crossing to the triplet manifold with quantum yields approaching unity. [4] [5] [6] [7] Consequently, we investigated the availability of the C1′-H hydrogen atom abstraction process on the triplet hypersurface of both α-thioC and α-thioU molecules. This mechanism is described in the main article, since it unambiguously explains our experimental findings and is consistent with previous works, suggesting the great importance of triplet manifold in photochemistry of thionucleosides and thionucleobases. Additional details regarding the triplet photoanomerisation mechanism are provided in the following section. Supplementary Fig. 55 . Potential energy surfaces presenting the hypothetical mechanism of excitedstate C1′-H hydrogen atom abstraction by the C=S group occurring on the S 1 hypersurface.
Estimated Intersystem Crossing Rates.
The initially populated S 2 1 ππ* state of α-thioC may undergo internal conversion to the S 1 state of nπ* character and barrierless vibrational relaxation towards the minimum on the corresponding potential energy surface. Since the minimum-energy structure of the T 1 state of 2-thiocytidine is also of nπ* character, the corresponding 1 nπ*(S 1 )→ 3 nπ*(T 1 ) intersystem crossing (ISC) operates without molecular orbital change and should be rather slow according to El-Sayed rules. Therefore we suggest that the primary ISC channel is related to the 1 nπ*(S 1 )→ 3 ππ*(T 2 ) transition. The corresponding root mean squared spin-orbit coupling (SOC) between the S 1 and T 2 states calculated in the minimum of the S 1 state amounts to 163.3 cm -1 (the root mean squared coupling constant of all three components) which is a sizable value for an organic molecule, whereas the estimated 1 nπ*(S 1 )→ 3 ππ*(T 2 ) ISC rate constant amounts to 2.9·10 10 s -1 . This value is an order of magnitude larger than the ISC rate constant of isolated canonical cytosine estimated in the joint experimental and theoretical study by Lobsiger and co-workers. 8 Even though the reaction pathway leading from the S 1 minimum to S 1 →T 2 ISC is related to a modest energetic barrier, the vibrationally hot molecule could easily evolve directly towards the S 1 →T 2 ISC and pass over the S 1 minimum after the photoexcitation. The T 1 state can be accessed almost immediately after the S 1 →T 2 ISC since at the S 1 /T 2 minimum energy crossing point the T 2 and T 1 states are almost isoenergetic (yielding a S 1 /T 2 /T 1 three-state crossing; see the main article). In fact, the 1 nπ*(S 1 )→ 3 nπ*(T 1 ) ISC can be treated as a secondary channel for accessing the triplet manifold, owing to still notable (but lower) SOC between S 1 and T 1 states that amounts to 47.3 cm -1 . The Hatom abstraction can further take place in the T 1 state and when the S-H distance approaches 1.55 Å, the T 1 and S 0 (ground) electronic states become isoenergetic.
Similarly as found for 2-thiouracil the T 1 state of α-thioU has a ππ* character. Therefore, the T 1 state of 2-thiouridine can be more efficiently accessed from the S 1 state due to large SOC between these two states, which in the S 1 minimum amounts to 164.7 cm -1 . The estimated rate constant for the 1 nπ*(S 1 )→ 3 ππ*(T 1 ) transition in α-thiouU is 6.0·10 10 s -1 . Additionally nonnegligible SOC of 32.6 cm -1 was found for the S 1 and T 2 states. It is worth noting though, that the C1′-H hydrogen atom abstraction is not possible on the surface of the 3 ππ* state and consequently, the S 0 and T 1 surfaces correlate adiabatically and do not cross as the S-H distance is shortened.
Recently Mai and co-workers proposed that the S 1 →T 2 ISC channel is the dominant pathway responsible for the population of triplet states in 2-thiouracil, based on nonadiabatic dynamics simulations. 4 Nonetheless, this S 1 →T 2 channel in fact corresponds to qualitatively the same 1 nπ*→ 3 ππ* ISC described in this paragraph, and suggests that during the excited state dynamics the spectroscopic triplet states might exchange their ordering and the T 2 state might temporarily gain 3 ππ* character. Since the S 1 and T 1 minimum energy geometries are of 1 nπ* and 3 ππ* character respectively, we denote this ISC as the 1 nπ*(S 1 )→ 3 ππ*(T 1 ) transition. It is worth noting that the 1 nπ*(S 1 )→ 3 ππ*(T 1 ) ISC was also described by other authors. 7, 9 We emphasize, that we performed our computations in the gas phase and the picture might slightly change in aqueous solution. However, the femtosecond transient absorption experiments conducted by Pollum et al. 7 suggest that ISC in aqueous 2-thiouracil is much more efficient, as the estimated singlet lifetime amounts to 0.35 ± 0.06 ps, and within this time the excited-state population is predominantly transferred to the triplet manifold.
12.5. Solvatochromic shift of the 3 nπ* state of α-thioU. As discussed in the main article, the excited-state C1′-H hydrogen atom abstraction by the C=S group of α-thioU is significantly hindered in the triplet manifold. The T 1 state of α-thioU is of 3 ππ* character and it does not cross with the electronic singlet ground state along the reaction coordinate corresponding to the S-H distance. The T 1 /S 0 state crossing can be accessed along the Habstraction coordinate only after the change of the T 1 character from 3 ππ* to 3 nπ*, which is related to an energy barrier of 0.84 eV (81 kJ/mol) in the gas phase. We suggest that this barrier might be even higher, due to the destabilization of 3 nπ* states in aqueous environment. In particular, Besley and Hirst 10 observed that the characteristic blueshift of nπ* transitions in water solution can be correctly reproduced by quantum chemical calculations only after inclusion of explicit water molecules hydrogen-bonded to the C=O carbonyl group in addition to an implicit solvation model. Therefore we optimized the T 1 minimum of a complex of α-thioU with two explicit water molecules hydrogen-bonded to the C=S group at the ADC(2) level and computed vertical excitation energies for this geometry. These ADC(2) calculations reveal a blueshift of the 3 n S π* state by 0.25 eV when compared to the excitation energies obtained in the gas phase. We performed additional CASPT2 calculations of the α-thioU-(H 2 O) 2 complex including the C-PCM continuum solvation model to validate the ADC(2) result. When the reaction field was relaxed for the 3 ππ*(T 1 ) state, we observed a slightly smaller blueshift of the 3 n S π* state, which amounts to 0.15 eV. Even though the hipsochromic shift of the 3 n S π* state is moderate, we suggest that it eventually might increase the barrier which separates the 3 n S π*/S 0 state crossing. In conclusion, the photoanomerisation of α-thioU might be even less probable in water solution, than indicated by our gas-phase calculations. Supplementary Fig. 56 . The α-thioU-(H 2 O) 2 cluster which was considered in order to estimate the solvatochromic shift of the 3 n S π* state. The two molecular orbitals correspond to the 3 n S π* state, which could hypothetically participate in the excited-state C1′-H hydrogen atom abstraction. The two water molecules which directly interact with the C=S group are predominantly responsible for the blueshift of the 3 n S π* state with respect to the 3 ππ*(T 1 ) state in aqueous environment.
12.6. Computational Methods. The ground state equilibrium geometries of α-thioC and α-thioU were optimized using Kohn-Sham density functional theory with the M06-2x hybrid functional 11 and the def2-TZVP basis set. These geometries were used for further computations of vertical excitation energies. Thermodynamic properties were calculated involving the harmonic oscillator and rigid rotor approximations. Solvent screening effects exerted by bulk water were assessed by performing single-point calculations for the equilibrium gas-phase geometries using an implicit solvation model. In the case of the ground state calculations we employed the conductor-like polarizable continuum model (C-PCM) including dispersion, cavitation, electrostatic and exchange-repulsion contributions as implemented in the Gaussian 09 code. 12 Vertical excitation energy calculations, optimizations of minimum-energy geometries of excited electronic singlet and triplet states, computations of harmonic vibrational frequencies and modes were all performed with the algebraic diagrammatic construction method to the secondorder [ADC(2)], [13] [14] [15] which provides the description of excited-state potential energy surfaces of comparable quality as the MP2 method does for the ground electronic state. The MP2 method was used to obtain the corresponding ground-state energies in all computations performed for excited electronic states at the ADC(2) level. Since our calculations and experiments suggest that the excited-state C1′-H hydrogen atom abstraction might mainly occur on the triplet hypersurface, all the computations corresponding to this reaction pathway, i.e. the computations presented and discussed in the main article, were executed using the cc-pVTZ basis set (also including the numerical calculations of vibrational frequencies and modes). The additional results shown in the Supporting Information (e.g. assessment of the singlet mechanisms and solvatochromic shifts) were calculated using the smaller cc-pVDZ basis set. Since we observed insignificant quantitative differences between the results obtained with the two basis sets and the qualitative findings remained unchanged, we conclude that the cc-pVDZ basis set is entirely sufficient for the qualitative appraisal of the alternative photoreaction mechanisms described above. The solvatochromic shift of the 3 n S π* state was validated at CASPT2/SA-CASSCF(6,5)/cc-pVDZ level using the C-PCM continuum solvation model, with the reaction field relaxed for the lowest-lying 3 ππ*(T 1 ) triplet state.
The intersystem crossing (ISC) rate constants were computed using the time-dependent approach based on the short-time approximation of correlation function developed by Etinsky et al. which proved to provide good estimates of ISC rates in nucleobases. 8, 16, 17 The necessary vibrational frequencies and vibration normal modes corresponding to the states considered in the ISC rate calculations were obtained using the ADC(2)/cc-pVTZ method. We employed the Duschinsky transformation, 16 which expresses the final state normal modes as a linear combination of the initial state normal modes, to assess the mixing of vibrational normal modes upon electronic transition. The spin-orbit coupling (SOC) matrix elements were computed at the CASPT2/SA-CASSCF(8,7)/cc-pVDZ-DK level of theory. The active space considered in the CASSCF calculations constituted 3 occupied π orbitals, 1 occupied n S orbital, and 3 virtual π* orbitals. The scalar relativistic effects were included in the calculations by means of the 2nd order Douglas-Kroll-Hess Hamiltonian.
The minimum-energy crossing points between different electronic states were optimized using the method of Levine and co-workers. The energies and gradients of excited electronic states were computed using the ADC(2) method, [13] [14] [15] while the ground electronic states were treated at the MP2 level. We implemented this optimization scheme and coupled it with the Turbomole 7.0.2 package, 18 and used the internal Turbomole optimizer along with the Broyden-Fletcher-GoldfarbShanno quasi-Newton scheme to perform the optimizations. The potential energy profiles presented in the main article were partly constructed based on linear interpolations in internal coordinates between the crucial stationary points located on the potential energy surfaces. To obtain reaction pathways leading to excited-state C1′-H hydrogen atom abstraction by the C=S group, we calculated relaxed scans along the S-H distances.
